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FOREWORD 

Evidence  has  been  mounting  that  something  is  missing  from 
secondary  science  teaching.  More  and  more,  students  are 
rejecting  science  courses  and  turning  to  subjects  that  they 
consider  to  be  more  practical  or  significant.  Numerous  high 
school  science  teachers  have  concluded  that  what  they  are 
now  teaching  is  appropriate  for  only  a  limited  number  of  their 
students. 

As  their  concern  has  mounted,  many  science  teachers  have 
tried  to  find  instructional  materials  that  encompass  more  ap¬ 
propriate  content  and  that  allow  them  to  work  individually  with 
students  who  have  different  needs  and  talents.  For  the  most 
part,  this  search  has  been  frustrating  because  presently  such 
materials  are  difficult,  if  not  impossible,  to  find. 

The  Individualized  Science  Instructional  System  (ISIS)  proj¬ 
ect  was  organized  to  produce  an  alternative  for  those  teachers 
who  are  dissatisfied  with  current  secondary  science  textbooks. 
Consequently,  the  content  of  the  ISIS  materials  is  unconven¬ 
tional  as  is  the  individualized  teaching  method  that  is  built 
into  them.  In  contrast  with  many  current  science  texts  which 
aim  to  “cover  science,’’  ISIS  has  tried  to  be  selective  and  to 
limit  our  coverage  to  the  topics  that  we  judge  will  be  most 
useful  to  today’s  students. 

Obviously  the  needs  and  problems  of  individual  schools  and 
students  vary  widely.  To  accommodate  the  differences,  ISIS 
decided  against  producing  tightly  structured,  pre-sequenced 
textbooks.  Instead,  we  are  generating  short,  self-contained 
modules  that  cover  a  wide  range  of  topics.  The  modules  can 
be  clustered  into  many  types  of  courses,  and  we  hope  that 
teachers  and  administrators  will  utilize  this  flexibility  to  tailor- 
make  curricula  that  are  responsive  to  local  needs  and 
conditions. 

ISIS  is  a  cooperative  effort  involving  many  individuals  and 
agencies.  More  than  75  scientists  and  educators  have  helped 
to  generate  the  materials,  and  hundreds  of  teachers  and 
thousands  of  students  have  been  involved  in  the  project’s 
nationwide  testing  program.  All  of  the  ISIS  endeavors  have 
been  supported  by  generous  grants  from  the  National  Science 
Foundation.  We  hope  that  ISIS  users  will  conclude  that  these 
large  investments  of  time,  money,  and  effort  have  been 
worthwhile. 

Ernest  Burkman 
ISIS  Project 
Tallahassee,  Florida 
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What’s  It  All  About? 


Today  there  are  many  people  who  grow  plants  in  their 
homes.  But  some  of  these  plants  do  not  get  the  right 
care.  People  drown  plants;  fail  to  fertilize  them  properly; 
put  them  in  the  wrong  place;  or  use  the  wrong  kinds  of  pots 
and  soils. 

In  this  minicourse  you’ll  learn  how  to  take  care  of  house 
plants.  And  you’ll  learn  how  to  produce  new  plants  from 
the  plants  you  have.  You’ll  also  find  out  how  plants  get 
water,  make  food,  and  grow. 

When  you  finish  this  minicourse  you’ll  have  a  greener 
thumb  and  a  richer  understanding  of  how  plants  function. 
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Objective  1:  Identify  and  briefly 
describe  three  methods  for  propa¬ 
gating  house  plants. 

Sample  Question:  Match  each  propa¬ 
gating  method  in  List  A  with  the 
description  in  List  B. 

List  A 

1.  layering 

2.  division 

3.  cuttings 
List  B 

a.  separating  stems  that  have  one 
root  system 

b.  getting  roots  to  grow  from  a  stem 
which  is  connected  to  the  parent 
plant 

c.  getting  roots  to  grow  from  a  piece 
of  a  stem  or  leaf 


This  minicourse  requires  some  careful 
planning.  Follow  these  directions  for 
the  activities  you  need  to  do: 

Do  Activity  2  first. 

Do  Activity  3  before  doing  Activ¬ 
ity  5  or  6. 

Do  Activity  11  last.  It  is  a  re- 
quired  activity.  ,  i 


Objective  2:  Identify  twelve  com¬ 
mon  house  plants  using  sketches, 
photographs,  or  live  plants. 

Sample  Question:  Name  the  plants 
shown  in  Figure  1-1 . 
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Figure  1-1 


Objective  3:  Name  the  three  essen¬ 
tial  elements  that  plants  get  from 
fertilizer. 

Sample  Question:  What  three  essen¬ 
tial  elements  do  plants  get  from 
fertilizer? 
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Objective  4:  Tell  how  to  properly 
fertilize  house  plants. 

Sample  Question:  Before  you  fertilize 
a  plant,  the  soil  should  be: 

a.  very  wet. 

b.  moist. 


Objective  5:  Identify  the  light  re¬ 
quirements  of  twelve  common 
house  plants. 

Sample  Question:  Match  each  plant  in 
List  A  with  its  light  requirement  from 
List  B. 


Objective  6:  Name  the  water  re¬ 
quirements  for  twelve  common 
house  plants. 

Sample  Question:  Which  statement  is 
true  for  the  soil  of  a  coleus  plant? 

a.  Keep  the  soil  wet. 

b.  Keep  the  soil  slightly  moist. 

c.  Let  the  soil  dry  out. 

Objective  7:  Describe  three  ways  to 
properly  water  house  plants. 

Sample  Question:  Which  rule  should 
you  follow  when  watering  a  potted 
plant  from  the  top? 

a.  Use  cold  water. 

b.  Gently  spray  the  water  on  the 
leaves. 

c.  Add  water  until  it  comes  out  the 
drain  hole. 


List  A 

1.  geranium 

2.  philodendron 

3.  cactus 
List  B 

a.  dim  light 

b.  filtered  or  indirect  light 

c.  bright  sunlight 
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Objective  8:  Given  the  symptoms 
of  a  sick  plant,  identify  the  cause  of 
the  problem  and  tell  what  should 
be  done. 

Sample  Question:  What  might  cause  a 
plant  to  have  these  symptoms:  dark, 
mushy  stems;  yellow,  wilted  lower 
leaves;  green  scum  on  the  outside  of 
its  clay  pot? 

a.  too  much  water 

b.  too  much  fertilizer 

c.  mealy  bugs 

Objective  9:  Identify  insecticides 
suitable  for  use  on  house  plants 
and  tell  how  to  safely  use  the  in¬ 
secticides. 

Sample  Question:  Which  insecticide  is 
suitable  for  use  on  house  plants? 

a.  DDT 

b.  malathion 

c.  chlordane 


Objective  10:  Describe  the  pro-  * 
cesses  of  photosynthesis  and  res¬ 
piration  in  plants. 

Sample  Question:  Which  statement  is 
true  for  photosynthesis? 

a.  Energy  is  produced  from  food. 

b.  Light  is  used  to  produce  food. 

c.  Carbon  dioxide  is  used  to  make 
chlorophyll. 

Objective  11:  Explain  why  photo¬ 
synthesis  is  important  to  all  living 
things. 

Sample  Question:  Why  is  photosyn¬ 
thesis  important  to  all  living  things? 

a.  All  living  things  use  the  photosyn¬ 
thesis  process  to  make  food. 

b.  Living  things  need  the  carbon  di¬ 
oxide  and  oxygen  produced  by 
photosynthesis. 

c.  Living  things  need  the  stored  en¬ 
ergy  produced  by  photosynthesis. 
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Objective  12:  Identify  which  con¬ 
clusions  from  plant  growth  ex¬ 
periments  are  not  supported  by 
observations. 

Sample  Question:  A  student  did  an 
experiment  with  grass  seedlings  (see 
Figure  1-2).  Then  the  student  made 
the  following  three  conclusions  based 
on  the  experiment: 

a.  Light  influences  a  normal  shoot  to 
bend. 

b.  A  substance  produced  in  the  tip  of 
the  shoot  causes  the  bending. 

c.  Somehow  the  plastic  causes  the 
shoot  not  to  bend. 

Which  conclusions  are  not  supported 
by  the  experiment? 


4  CORE 


dark  plastic  is  used  at  left 
clear  plastic  at  right 


IN  THE  BEGINNING 


normal  shoots  with  tips 


shoots  with  tips  covered 
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Objective  13:  Identify  plant  features 
that  are  normally  distributed. 

Sample  Question:  Which  graph  in  Fig¬ 
ure  1-3  shows  how  plant  weight 
varies  for  a  group  of  six-week  old 
coleus  plants?  jl 


WEIGHT 


WEIGHT 


Answers 

1.  1-b,  2-a,  3-c  2.  a.  Dieffenbachia 
(dumb  cane)  b.lmpatiens  (patient  Lucy) 
c.  Philodendron  3.  Nitrogen  (N), 
Phosphorus  (P),  Potassium  (K)  4.  b 
5.  1-c,  2-b,  3-b  or  3-c  6.  b  7.  c  8.  a 
9.  b  10.  b  11.  c  12.  band  c  13.  c 


REQUIRED 

In  this  activity  you’ll  use  plants  to  dec 
orate  a  room. 


Propagating  House  Plants 


Suppose  you  wanted  to 
decorate  a  room  with  house 
plants. 


You  could  buy  the  plants. 
Garden  and  flower  shops  sell 
many  different  plants.  This 
is  the  easy  way.  And  it  is 
sometimes  an  expensive  way. 


You  could  grow  new  plants 
from  seeds.  The  seeds  may 
be  bought  at  a  store  or 
taken  directly  from  a  plant. 
Propagating  or  reproducing 
plants  from  seeds  can  be 
interesting  and  fun. 


But  most  of  these  plants 
grow  slowly  and  need 
special  conditions. 
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As  you  can  see,  there  are  problems  involved  with  propagating 
(reproducing)  plants  from  seeds.  But  there  are  ways  to  propa¬ 
gate  plants  without  seeds. 

Plants  have  two  ways  of  reproducing.  One  way  is  by  sexual 
reproduction:  The  sperm  of  the  pollen  joins  wi.th  the  eggs  of  the 
flower.  Seeds  are  formed.  Humans  and  other  higher  forms  of 
animals,  as  well  as  plants,  reproduce  sexually. 

Plants  can  also  reproduce  asexually.  This  method  is  called 
vegetative  propagation.  Instead  of  a  seed,  a  piece  of  plant  is 
used.  It  develops  into  a  new  plant. 

1X2-1.  The  first  a  in  asexual  means  not.  Why  is  vegetative 
propagation  not  sexual  reproduction? 

There  are  several  advantages  to  vegetative  propagation.  One  ad¬ 
vantage  is  that  the  new  plants  are  exactly  like  the  parent  plant. 

1X2-2.  Explain  why  the  new  plants  are  exactly  like  the  parent 
plant. 

Another  advantage  of  vegetative  propagation  is  that  you,  the 
grower,  can  select  the  plants  you  want  to  propagate.  When  you 
choose  a  healthy  parent,  the  new  plants  will  also  be  healthy. 
And  the  new  plants  will  grow  and  mature  faster  than  plants 
started  from  seeds. 

The  three  general  techniques  for  vegetative  propagation  are  di¬ 
vision,  cuttings,  and  layering.  The  most  common  methods  for 
these  techniques  are  shown  in  Figure  2-1,  pages  7,  8,  and  9. 
Also  shown  is  a  rating  for  each  method:  from  difficult  to  easy. 
And  there  is  a  list  of  plants-  for  which  each  method  works.  The 
Plant  Directory  will  help  you  identify  the  plants. 


COMMON  METHODS  OF  VEGETATIVE  PROPAGATION 


Figure  2-1 
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CUTTINGS 

Stem  Cuttings 
Easy 


Leat  Cuttings 
Less  Easy 


Leaf  Section 
Cuttings 
Less  Easy 


Plants:  sansevieria, 
rex  begonia, 
wax  begonia 


Plants:  azalea,  some  cacti, 
chrysanthemum,  coleus, 
dieffenbachia,  gardenia, 
geranium,  holly,  ivy,  jade, 
patient  Lucy,  philodendron, 
succulents,  most  vines 


Plants:  African  violet, 
gloxinia,  peperomia, 
rex  begonia 


Vein  Cuttings 
Difficult 


Plants:  African 
violet,  rex 
begonia 


LAYERING 

Soil  Layering 
(Rooting 
Runners) 
Easy 


Plants:  ivy,  spider  plant, 
strawberry  geranium, 
vining  philodendron 
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LAYERING 

Air  Layering 
Difficult 


Plants:  dieffenbachia, 
dracaena,  rubber  tree, 
split-leaf  philodendron 


Make  a  vertical  cut  about 
halfway  through  stem. 

Insert  a  match  into  the  cut  to 
hold  it  open. 


In  1-2  months, 
when  roots 
appear,  cut  off 
stem  below  moss; 
—  remove  plastic; 
plant  the 
new  plant. 


1X2-3.  In  layering,  the  new  plant’s  roots  grow  from  which  part 
of  the  parent  plant? 

^  2-4.  How  is  division  different  from  layering? 


In  this  activity,  you’ll  make  a  stem  cutting.  Later  you’ll  use  the 
cutting  in  Activity  14  or  18.  In  fact  you’ll  use  three  cuttings  in 
Activity  14.  So  turn  to  Activity  12:  Planning  to  see  if  you  can  do 
what  is  stated  in  the  objectives  for  Activity  14. 

If  you  plan  to  do  Activity  14,  make  three  stem  cuttings.  If  not, 
make  one  cutting.  You’ll  need  about  45  minutes  for  this  investi¬ 
gation.  Get  the  following  materials  for  each  cutting: 


grease  pencil  for  labeling 
pot 

*  potting  soil 

spoon  or  scoop  for  potting 
soil 

metric  ruler 
small  pan 
water 


rooting  medium 
mature  plant,  to  take 
cutting  from 
sharp  knife 

rooting-hormone  powder 
2  or  3  stakes 
sheet  of  clear  plastic  or 
a  clear  plastic  bag 


*  If  potting  soil  is  not  available,  you’ll  have  to  prepare  your  own. 
Turn  to  Activity  17  for  instructions. 
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In  vegetative  propagation  the  new  plants  should  be  kept  moist— 
but  they  should  not  be  drowned.  So  before  making  a  stem 
cutting,  you  must  get  the  right  moisture  for  your  plant. 

A.  Label  the  pot  and  fill  it  with  potting  soil.  Then  place  the  pot  in 
a  pan  of  water.  Let  the  soil  soak  for  15  minutes.  While 
you’re  waiting,  go  to  another  activity. 


B.  Pour  the  water  from  the  pan  and  let  the  soil  drain  for  15  min¬ 
utes.  Go  to  another  activity  while  you’re  waiting.  When  the 
soil  has  drained,  dig  a  hole  in  it.  Fill  the  hole  with  rooting 
medium. 


hole  about  5  cm  deep  and 


medium 

soil 
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C.  Get  the  plant  and  find  a  stem  with  a  new  growth.  Make  a 
diagonal  cut  about  10  cm  from  the  tip  of  the  stem  and  just 
below  a  leaf  joint. 


Remove  any  leaves  from  the  bottom  of  the  stem.  If  the  cutting  is 
from  a  flowering  plant,  remove  any  flowers  or  flower  buds. 

D.  Dip  the  stem  into  the  rooting-hormone  powder  so  that  the 
powder  covers  the  leaf  joints.  Hold  the  cutting  as  shown  in 
the  drawing.  Gently  push  the  cutting  into  the  rooting  me¬ 
dium.  Push  just  far  enough  for  the  cutting  to  “stand  alone.” 


E.  Push  the  stakes  into  the  soil  until  they  hit  the  bottom  of  the 
pot.  Sprinkle  a  little  water  on  the  plant’s  leaves.  Then  place 
the  plastic  over  the  stakes  and  tuck  it  under  the  pot.  The 
plastic  must  not  touch  the  plant. 

The  plant  should  stay  moist.  But  if  it  seems  to  be  wilting,  remove 
the  plastic  and  resoak  the  pot.  Be  sure  to  replace  the  plastic. 

2-5.  How  does  the  plastic  cover  help  to  keep  the  plant 
moist? 

2-6.  Why  is  a  clear,  colorless  piece  of  plastic  used? 
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Store  the  plant  in  a  well-lighted  place,  but  not  in  direct  sunlight. 
Then  go  to  another  activity.  Be  sure  to  check  the  plant  every 
couple  of  days.  When  new  leaves  appear,  the  plant  will  be 
rooted. 

Loosen  the  plastic  but  leave  it  draped  over  the  sticks  for  a  few 
days.  This  helps  the  plant  adjust  to  the  air  and  room  tempera¬ 
ture.  Then  remove  the  plastic.  The  plant  should  continue  to 
grow  well. 

^  2-7.  Describe  the  4  or  5  basic  steps  in  growing  a  new 
plant  from  a  stem  cutting. 


If  you  plan  to  do  Activity  14  in  the  advanced  activities,  do  it  now. 
You’ll  use  the  three  cuttings  from  this  activity.  Then  come  back 
to  the  core  activities. 

If  you  plan  to  do  the  excursion  activities,  look  at  Activities  18 
and  19.  If  you’re  interested  in  doing  Activity  18,  you’ll  use  the 
cutting  from  this  activity.  So,  until  you  do  Activity  18,  keep  the 
cutting  in  a  well-lighted  area  and  be  sure  to  water  it. 

Activity  19  shows  other  techniques  for  starting  a  plant.  If 
you’re  interested  in  doing  Activity  19,  do  it  now.  Then  come 
back  to  the  core  activities. 


Identifying  House  Plants 


Hey,  what  kind  of  plant  is  this?  Sometimes  this  is  a  hard  ques¬ 
tion  to  answer.  But  you  should  be  able  to  identify  some  of  the 
most  common  house  plants.  In  this  activity  you’ll  make  a  plant 
wheel  to  help  you  identify  plants.  You’ll  need  these  materials: 

2  copies  of  Plant  Wheel,  Cover 
2  copies  of  Plant  Wheel,  Circle 
scissors 

2  pieces  of  cardboard,  medium-weight,  about  22  cm  x  22  cm 
1  piece  of  cardboard,  lightweight,  about  22  cm  x  22  cm 
glue 

cellophane  tape 

1  copy  of  Plant  Wheel,  Common  House  Plants 
Plant  Directory 
paper  fastener 
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A. 


Glue  a  plant  wheel  cover  to  a  piece  of  medium-weight  card¬ 
board.  Cut  along  the  solid  line  of  the  cover.  Be  sure  to  cut 
both  the  paper  and  the  cardboard.  Do  the  same  thing  for  the 
other  plant  wheel  cover. 


B.  Glue  a  plant  wheel  circle  to  a  piece  of  lightweight  card¬ 
board.  Cut  along  the  line  forming  the  largest  circle.  Be  sure 
to  cut  both  the  paper  and  the  cardboard. 


C.  Cut  out  the  other  plant  wheel  circle.  (Do  not  glue  it  to  card¬ 
board  before  cutting  it.)  Remember  to  cut  along  the  line 
forming  the  largest  circle.  Then  glue  this  circle  to  the  other 
side  of  the  cardboard  from  Step  B. 
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D.  Get  the  copy  of  Common  House  Plants.  Cut  out  the  draw¬ 
ings  of  the  plants.  Then  glue  each  drawing  in  a  rectangle  on 
the  plant  wheel  circle.  There  should  be  six  drawings  on  each 
side  of  the  wheel. 


E.  Place  the  wheel  between  the  two  covers  that  you  made  in 
Step  A.  Line  up  the  centers  of  all  three  items.  Then  push 
the  paper  fastener  through  the  centers.  Tape  the  covers  to¬ 
gether. 
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Study  the  plant  wheel  until  you  can  identify  each  plant.  Then 
look  at  the  first  twelve  plants  in  the  Plant  Directory.  These  are 
the  plants  in  your  plant  wheel  but  the  pictures  are  different.  Try 
to  identify  each  plant  without  looking  at  its  name.  When  you  can 
do  this,  find  a  partner  who  is  also  doing  this  activity.  Test  each 
other’s  ability  to  identify  the  plants. 

Do  all  the  same  type  of  plants  look  exactly  alike?  No,  neither 
do  all  people  look  exactly  alike.  Questions  3-1  through  3-6 
should  help  you  identify  plants  that  have  common  features.  Use 
your  plant  wheel  to  answer  the  questions. 


✓  3-1.  Name  the  plants  that  have  flowers.  How  do  these 
plants  differ  from  each  other? 

✓  3-2.  Name  the  plants  that  do  not  have  leaves.  Describe 
what  these  plants  look  like. 

✓  3-3.  Name  the  plants  with  leaves  that  are  more  than  one 
shade  or  color.  How  do  these  plants  differ  from  each  other? 

✓  3-4.  Name  the  plants  that  have  a  central  stem  (one  main 
stem).  How  do  these  plants  differ  from  each  other? 

✓  3-5.  Name  the  plants  that  are  vines.  How  do  these  plants 
differ  from  each  other? 

✓  3-6.  Name  the  plants  that  do  not  have  a  central  stem  (one 
main  stem).  How  do  these  plants  differ  from  each  other? 
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Now  identify  each  plant  in  Questions  3-7  to  3-12.  If  there  are 
plants  in  your  classroom,  try  to  identify  them  too. 


★  3-10. 


★  3-7. 


★  3-9. 


O 


Keep  your  plant  wheel.  You’ll  need  it  later  for  Activities  5  and  6. 


Fertilizer  Facts 


What  makes  a  plant  healthy  and  happy?  Does  a  plant  need  more 
than  light,  air,  water,  and  tender  loving  care?  Scientists  have 
identified  sixteen  chemical  elements  that  plants  need  in  order  to 
live  and  grow.  These  elements  are  listed  in  Figure  4-1 .  The 
major  elements  are  needed  in  relatively  large  amounts.  The  trace 
elements  are  needed  in  smaller  amounts.  The  chemical  symbol 
for  each  element  is  shown. 
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ESSENTIAL  ELEMENTS  NEEDED  BY  PLANTS 


MAJOR  ELEMENTS 

carbon,  C 
hydrogen,  H 
oxygen,  O 
nitrogen,  N 
phosphorus,  P 
potassium,  K 
sulfur,  S 
calcium,  Ca 
magnesium,  Mg 


TRACE  ELEMENTS 

iron,  Fe 

manganese,  Mn 
zinc,  Zn 
copper,  Cu 
molybdenum,  Mo 
boron,  B 
chlorine,  Cl 


Figure  4-1 


1X4-1.  What  major  elements  do  plants  get  from  water  (H20) 
and  carbon  dioxide  (C02)? 


Other  essential  elements  that  a  plant  needs  must  come  from  the 
soil,  through  the  plant’s  roots.  When  plants  are  grown  in  water, 
the  water  must  supply  the  essential  elements. 
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Suppose.  .  .  Someone  gives  you  a  house 
plant.  It  needs  a  new  pot. 


What’s  wrong  with  the  plant  in  the  drawing?  Probably  some  of 
the  major  essential  elements  have  been  used  up.  Fertilizer  or 
plant  food  will  provide  these  major  elements:  nitrogen,  phospho¬ 
rus,  and  potassium.  Nitrogen  and  phosphorus  atoms  are  in  most 
of  the  molecules  in  a  plant.  Potassium  helps  control  many  of  the 
processes  that  go  on  in  plants 


NITR 


Nitrogen  is  provided 
in  fertilizer  in  the 
form  Of  nitrate, 
urea,  or  ammonia. 


PHOSPHORUS 

Phosphorus  is 
provided  in  fertiliz 
in  theduTmiTh 
availably  phosphoric 
acid ly' 


POT) 


HUM 


Pota^sipm  is  provi 
in  fertilizer  in 
form  of  potashh 


A  shortage  of  any  of  these  elements  is  bad  for  a  plant.  But  it’s 
very  difficult  to  relate  a  given  symptom  to  a  shortage  of  a  certain 
element.  Proper  fertilizing  is  the  key  to  keeping  plants  healthy. 

If  your  plants  were  recently  potted  in  good  potting  soil,  you  won’t 
have  to  fertilize  them  for  three  to  six  months.  When  you  do  fertil¬ 
ize  them,  follow  this  procedure. 
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FERTILIZING  HOUSE  PLANTS 


I/"  4-2.  Cactus  plants  are  dormant  in  the  winter.  Should  they 
be  fertilized  in  the  winter?  Explain. 

^  4-3.  What  are  the  steps  to  follow  when  fertilizing  house 
plants? 

Read  the  labels  on  two  or  three  containers  of  different  house- 
plant  fertilizers.  Then  answer  Questions  4-4  and  4-5. 

^  4-4.  What  essential  elements  do  the  fertilizers  supply? 

4-5.  Describe  any  differences  in  the  application  methods. 
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Percentages  of  essential  elements  are  often  listed  on  each  con¬ 
tainer.  They  are  usually  listed  as  shown  below. 

nitrate  :  phosphoric  acid:  potash 

A  commercial  fertilizer  for  foliage  plants  is  likely  to  have  the  ratio 
1 :2:1 .  This  may  be  written  in  equivalent  forms  such  as  5:1 0:5  or 
10:20:10.  Notice  that  the  middle  number  is  the  greatest 
number.  This  means  that  the  percentage  of  phosphoric  acid  is 
greater  than  the  percentage  of  nitrate  or  potash.  The  larger  the 
numbers  in  the  ratio,  the  more  care  must  be  taken  in  applying  the 
fertilizer. 

✓  4-6.  Suppose  10:10:20  is  the  ratio  shown  for  a  fertilizer. 
What  does  this  ratio  mean? 


Activity 


Where  Plants  Grow  Best 


Plants  won’t  grow  just  anywhere.  Each  kind  of  plant  needs  the 
right  conditions  of  light  and  temperature.  So  you  must  be  careful 
about  where  you  put  plants. 

In  this  activity  you’ll  study  the  effects  of  different  temperatures 
and  amounts  of  light  on  plants.  Then  you’ll  decide  which  plants 
grow  best  in  certain  places  in  your  classroom  or  home.  You’ll 
need  these  materials: 


5  Celsius  thermometers 

plant  wheel  from  Activity  3  or  a  list  consisting  of  the  first  12 
plants  in  the  Plant  Directory 
Plant  Directory 

A.  Find  a  place  in  your  classroom  or  home  that’s  like  each  loca¬ 
tion  illustrated.  Then  draw  a  chart  like  the  one  in  Figure 
5-1.  In  the  first  column,  describe  each  location  you  found. 
For  example,  one  description  might  be  the  table  next  to  the 
southwest  window. 
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LOCATIONS 


PLANTS  AND  THEIR  ENVIRONMENT 


LOCATION 

TEMP. 

DAY 

TEMP. 

NIGHT 

LIGHT 

PLANTS 

1. 

2. 

3. 

4. 

5. 

Figure  5-1 


CORE  21 


B.  Take  daytime  temperature  readings.  Place  the  thermometer 
in  each  location  for  10  minutes.  Record  the  temperatures  in 
your  chart.  If  possible,  take  nighttime  temperature  readings 
also. 


1^5-1.  Which  location  has  the  highest  temperature?  What  is 
the  major  source  of  the  heat? 


1/5-2.  Which  location  has  the  lowest  temperature?  Why  does 
it  have  the  lowest  temperature? 

1/5-3.  Which  location  probably  has  the  greatest  temperature 
change  from  day  to  night?  Explain  why. 

The  temperature  of  the  air,  especially  at  night,  affects  plants. 
And  cool  or  warm  drafts  affect  plants.  Some  plants  grow  best  in 
cool  places.  Some  plants  grow  best  in  warm  places. 

The  temperature  readings  that  you  took  probably  varied.  It  is 
very  likely  that  in  one  room  there  are  cool,  warm,  drafty,  and  non- 
drafty  places.  So  you  should  choose  plants  that  will  grow  best  in 
each  place. 

C.  In  Figure  5-2  there  are  examples  of  dim,  indirect,  and  direct 
light.  Use  these  examples  to  estimate  how  much  light  there  is 
in  each  of  the  five  locations.  Then,  in  your  chart  for  Step  A, 
write  dim,  indirect,  or  direct  for  each  location. 


Figure  5-2 
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The  amount  of  light  a  plant  gets  is  very  important.  It’s  the  most 
important  factor  affecting  a  plant’s  health  and  growth.  Too  little 
light  will  cause  a  plant’s  stems  to  bend  and  stretch  toward  a  light 
source.  The  plant  will  eventually  die,  even  if  it  has  enough  water 
and  fertilizer.  Too  much  light  will  cause  the  plant  to  wilt.  Yellow 
and  brown  blotches  will  appear  on  the  leaves. 

The  plants  in  your  plant  wheel  have  different  light  require¬ 
ments.  If  you  don’t  have  a  plant  wheel,  make  a  list  of  the  first 
twelve  plants  in  the  Plant  Directory.  These  are  the  same  plants 
that  are  in  the  plant  wheel. 


Direct  Light:  full  sunlight;  bright  light  re 
fleeted  from  light-colored  walls 


D.  In  the  Plant  Directory,  find  the  light  requirements  for  the  first 
twelve  plants.  Then  use  the  symbols  from  Figure  5-3  to 
show  the  light  requirements.  If  you  have  a  plant  wheel,  the 
symbol  is  outlined  in  each  space  labeled  light.  Shade  the 
symbols  according  to  Figure  5-3.  If  you’re  using  a  plant  list, 
draw  a  symbol  next  to  each  plant’s  name. 


THREE  LIGHT  REQUIREMENTS 


SYMBOL  LIGHT  REQUIREMENT 


Dim  Light:  shade;  the  interior  of  a  room 
with  northern  exposure;  a  dark  part  of  a 
room 


Indirect  Light:  sunlight  filtered  through 
curtains;  bright  artificial  light;  the  interior 
of  a  sunny  room;  partial  shade 


Figure  5-3 
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^  5-4.  Which  plants  need  filtered  sunlight  or  bright  indi¬ 
rect  light? 


★  5- 


5-5.  Which  plants  need  bright  sunlight? 


✓  5-6.  Why  are  snake  plants  (sansevieria)  and  patient  Lucy 
(impatiens)  good  indoor  plants? 


E. 


Look  at  your  plant  wheel  (or  list)  and  your  chart  from  Step  A. 
Match  the  temperature  and  light  requirements  of  the  plants 
with  the  temperature  and  light  of  each  location.  Refer  to  the 
Plant  Directory  for  the  temperature  requirements  of  the 
plants.  Then,  in  the  chart,  list  the  plants  that  will  grow  best  in 
each  location. 


^  5-7.  What  are  the  light  requirements  of  cacti,  coleus, 
and  ivy? 


Watering  Properly 


Plants  must  have  water  to  live.  Some  plants  need  a  lot  of  water; 
other  plants  need  very  little  water. 

A  big  problem  that  plant  owners  have  is  how  to  properly  water 
plants.  Overwatering  is  more  common,  and  causes  more  plant 
deaths,  than  underwatering.  A  constantly  wet  soil  prevents  air 
from  gettng  to  the  plant’s  root  system.  The  roots  can’t  “breathe” 
properly;  the  root  hairs  die;  and  the  plant  can’t  get  water  and 
nutrients.  Then  the  leaves  wilt  and  the  plant  eventually  dies. 


1^6-1  .  Why  does  a  plant  die  when  its  roots  have  rotted? 


If  there’s  a  plant-watering  experiment  set  up  for  you,  answer 
Questions  6-2,  6-3,  6-4.  If  not,  skip  the  questions  and  go  on. 

6-2.  Describe  the  plant-watering  experiment.  In  your  de¬ 
scription  include  the  type  of  plant  used,  the  watering  schedule, 
and  the  amount  of  time  the  experiment  has  been  going  on. 

\S  6-3.  Compare  the  overwatered  plant  to  the  control  plant. 
Compare  the  underwatered  plant  to  the  control  plant. 
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(X  6-4.  State  a  conclusion  about  the  effects  of  different  water¬ 
ing  schedules  on  this  type  of  plant. 

If  you  aren’t  sure  about  a  plant’s  watering  needs,  try  to  find  out. 
Look  in  the  Plant  Directory  or  another  resource.  If  you  can’t  find 
the  information,  follow  this  general  rule: 

When  you  water  a  plant,  water  it  thoroughly.  Then  let  the  soil 
get  slightly  dry  before  watering  again. 

Figure  6-1  shows  three  ways  to  water  house  plants.  You  might 
use  different  ways  for  different  plants,  or  all  three  ways  for  one 
plant.  Figure  6-2  on  the  next  page  shows  some  watering  tips. 
These  tips  apply  to  all  three  methods  of  watering. 


WAYS  TO  WATER  HOUSE  PLANTS 


1  FROM  THE  TOP 

Water  until  drops  trickle  out 
the  drainage  hole.  Use  a 
can  with  a  long  spout  so 
that  the  leaves  won’t  get 
wet.  Water  when  there’s 
plenty  of  light.  The  light  will 
dry  out  the  plant’s  crown. 
Then  the  crown  won’t  rot. 
Watering  from  the  top 
flushes  away  fertilizer  salts 
that  may  be  on  the  surface. 


2  FROM  THE  BOTTOM 

Water  from  the  bottom  only 
if  there  is  a  drainage  hole  in 
the  pot.  Bottom  watering 
lets  the  soil  take  as  much 
water  as  it  can  hold.  Avoid 
root  rot  by  emptying  the 
saucer  20  to  30  minutes 
after  watering.  The  pot 
should  never  sit  in  water. 


3  SUBMERGE 

This  method  should  be  used 
on  a  very  dry  plant.  Place 
the  entire  pot  in  a  bucket  of 
water.  The  top  of  the  soil 
should  be  covered  by  2  to 
5  cm  of  water.  Remove  the 
pot  when  the  bubbles  stop 
rising.  Drain  well. 


Figure  6-1 
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WATERING  TIPS 

1 .  Use  warm  water  that  is  at 
room  temperature.  Cold 
water  can  harm  plants. 

2.  Keep  water  otf  the  plant’s 
leaves. 

3.  Plants  in  plastic  pot's 
don’t  require  watering  as 
otten  as  those  in  clay  pots. 
(Water  evaporates  through 
the  clay  pots.) 

4.  Water  plants  in  the 
morning.  Then  they  will 
have  the  whole  day  to  use 
the  water. 

5.  The  light,  temperature, 
and  humidity  of  the  room 
affect  the  moisure  in  the 
soil. 


Figure  6-2 

^  6-5.  Which  watering  method  would  you  use  for  an  Areca 
palm?  Why? 

You’ll  need  the  following  resources  to  help  you  learn  about  the 
watering  needs  of  common  house  plants: 

Plant  Directory 

plant  wheel  from  Activity  3  or  a  list  consisting  of  the  first  12 
plants  in  the  Plant  Directory 

Use  the  Plant  Directory  to  find  the  water  requirements  of  the 
plants.  Then  draw  the  symbol  for  each  requirement.  Use  the 
symbols  shown  in  Figure  6-3.  If  you  have  a  plant  wheel,  the 
symbol  is  outlined  in  each  space  labeled  water.  Shade  the  sym¬ 
bols  according  to  Figure  6-3.  If  you’re  using  a  plant  list,  draw  a 
symbol  next  to  each  plant’s  name. 
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WATERING  HOUSE  PLANTS 


SYMBOL 

WATERING  REQUIREMENT 

Keep  the  soil  wet  but  not 
soggy. 

d 

Keep  the  soil  barely  moist  to 
moist. 

Let  the  soil  get  fairly  dry  be¬ 
tween  waterings. 

d 

Let  the  soil  get  dry.  Water 
just  enough  to  keep  leaves 
from  wilting  (about  every  4 
to  6  weeks). 

Figure  6-3 

\S  6-6.  Most  plants  in  the  Plant  Directory  need  barely  moist  to 
moist  soil.  List  the  plants  that  have  other  water  requirements. 


For  Questions  6-7  through  6-9,  describe  the  watering  needs  of 
each  plant  shown. 
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Plant  Problems 


You’ve  probably  heard  this  phrase  before:  An  ounce  of  preven¬ 
tion  is  worth  a  pound  of  cure.  This  is  good  advice  for  plant 
care.  By  properly  taking  care  of  indoor  plants,  you’ll  prevent 
most  plant  problems.  Here  are  some  suggestions  to  follow: 

Provide  the  right  amount  of  light,  water,  temperature,  and  hu¬ 
midity. 

Use  the  right  kind  of  fertilizer. 

Regularly  inspect  and  clean  the  plants. 

Use  sterile  potting  soil. 


It  is  difficult  to  diagnose  a  plant  problem.  Any  symptom  may 
mean  a  number  of  things.  Some  common  problems  are  caused 
by  poor  care.  Other  problems  are  caused  by  pests  and  disease. 
In  this  activity  you’ll  learn  the  symptoms  and  treatments  of  these 
problems.  Get  the  following  resource  to  help  you: 

Plant  Directory 

In  your  notebook,  draw  a  chart  like  the  one  in  Figure  7-1 .  No¬ 
tice  how  the  chart  is  organized.  Some  of  the  information  is 
given;  some  is  not.  Complete  the  chart  for  Poor-Care  Problems. 
You’ll  need  to  use  the  Sick  Plants  Section  of  the  Plant  Directory. 


M  ^  -As 
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SICK  PLANTS 

MAIN  SYMPTOMS  OTHER  SYMPTOMS  PROBLEM  TREATMENT 

POOR-CARE  PROBLEMS 

Lower  leaves  are 
yellow. 

too  much  water 

Lower  leaves  are 
yellow. 

not  enough 
fertilizer 

Brown  or  yellow 
blotches  appear 
on  leaves. 

Brown  or  yellow 
blotches  appear 
on  leaves. 

New  growth  is 
weak. 

not  enough 
light 

DISEASE  AND  PEST  PROBLEMS 

for 

...  mill 

_ 

Figure  7-1 
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Diagnose  and  suggest  treatment  for  the  plant  problems  shown  in 
Questions  7-1  and  7-2.  Use  your  chart  to  help  you. 


Plant  wilts. 


leaves  curl  unde 


★  7-1. 


★  7-2. 


leaves  on  one  side  of 
plant  turn  brown 


new  growth  rapid  but  weak 


brown  or  yellow 
patches  on  leaves 


white  crust  at  top  of  soil 
and  on  rim  and  sides  of  pot 


Poor  care  isn’t  the  only  cause  of  plant  problems.  Some  pests 
can  be  troublesome.  Often  these  pests  are  on  newly  purchased 
plants.  Sometimes  they’re  on  plants  that  have  been  outside  for 
awhile.  So,  when  you  bring  a  plant  into  your  home,  isolate  it  for 
a  few  weeks.  Be  sure  there  are  no  pests  on  the  plant. 

\S  7-3.  Suppose  you  find  pests  on  a  house  plant.  What  is  the 
first  thing  you  should  do? 

Now  complete  your  chart  for  Disease  and  Pest  Problems.  You’ll 
need  to  use  the  Sick  Plants  section  of  the  Plant  Directory. 

^  7-4.  What  symptom  distinguishes  a  mealy  bug  problem 
from  an  aphid  problem?  How  would  you  treat  each  prob¬ 
lem? 

For  all  pest  problems,  the  final  suggestion  is  the  same:  Use  an 
insecticide.  The  following  insecticides  are  suggested: 

rotenone  These  natural  poisons,  made  from  plants,  are 
pyrethrum  harmless  to  humans.  But  rotenone  is  especially 
dangerous  to  fish. 

malathion  This  is  very  poisonous  but  decomposes  (breaks 
down)  in  nature. 
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^  7-5.  Suppose  you  had  to  use  an  insecticide  on  a  plant. 
Describe  how  you  would  use  it  safely. 
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Photosynthesis 
and  Respiration 


If  today  is  Monday  or  Tuesday,  do  the  preparation  for  this  activ¬ 
ity.  It’s  in  the  following  paragraph.  Otherwise,  go  to  another 
activity.  Come  back  to  this  one  on  a  Monday  or  Tuesday. 

To  prepare  for  this  activity,  get  a  healthy  coleus  plant.  Write 
your  name  and  the  date  on  the  pot.  Water  the  plant  well.  Then 
place  it  in  complete  darkness  for  at  least  three  days.  (That’s  why 
this  preparation  must  be  done  on  a  Monday  or  Tuesday.)  Work 
on  another  activity  for  three  days.  Then  get  the  plant  and  begin 
this  activity. 


All  living  things,  including  plants,  must  have  food  in  order  to  live. 
We  get  some  or  all  of  our  food  in  a  supermarket.  Plants  get  es¬ 
sential  elements  called  nutrients  [NEW-tree-ents]  from  the  soil. 
But  they  make  their  food  themselves.  One  of  the  foods  plants 
make  is  a  sugar  called  glucose  [GLUE-kos], 

Glucose  is  made  by  a  complicated  process  called  photosynthe¬ 
sis  [foht-oh-SIN-tha-sis],  For  this  process,  plants  need  light  and 
chlorophyll  [KLOR-ah-f ill] .  Chlorophyll  is  a  chemical  substance 
found  in  certain  green  plant  cells.  During  photosynthesis,  water 
and  carbon  dioxide  are  combined  and  form  glucose.  As  the  glu¬ 
cose  molecules  are  made,  oxygen  is  given  off.  See  Figure  8-1 . 
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Figure  8-1 

^  8-1.  What  chemical  substance  is  found  in  certain  plant 
cells  and  is  needed  for  photosynthesis  to  occur? 

Wherever  there  is  chlorophyll  in  a  plant,  photosynthesis  is  going 
on.  Photosynthesis  takes  place  mainly  in  the  leaves.  But  green 
stems  make  food  too.  Nearly  all  the  food  molecules  produced 
are  glucose  molecules.  Some  of  the  glucose  molecules  are  used 
right  away.  The  other  glucose  molecules  are  bound  together  to 
form  starch.  The  starch  is  stored  and  when  the  plant  needs  food, 
the  starch  is  changed  back  to  glucose. 

✓  8-2.  Suppose  you  found  starch  in  a  plant  leaf.  What  pro¬ 
cess  probably  took  place  there? 

✓  8-3.  Suppose  you  found  starch  in  one  part  of  a  leaf  and  not 
in  another.  Explain  what  this  could  mean. 


glucose  molecules 
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The  coleus  is  an  interesting  plant.  Not  all  parts  ot  its  leaves  con¬ 
tain  chlorophyll.  Because  of  this  feature,  you’ll  use  coleus  to 
study  the  effects  of  light  and  chlorophyll  in  photosynthesis. 
You’ll  need  these  materials: 

electric  hot  plate 

2  heat-resistant  beakers,  400-600  ml  each 
healthy  coleus  plant  that’s  been  in  direct  light 

healthy  coleus  plant  that’s  been  in  darkness  for  at  least  3  days 
sharp  knife 

colored  pencil  or  crayon 
tweezers 
beaker  tongs 
heat-resistant  surface 
alcohol,  200  ml 

3  petri  dishes 
iodine  solution,  40  ml 

2  small  jars,  each  filled  with  cool  water 

A.  Set  up  a  hot  plate  in  a  well-ventilated  area.  Fill  the  beaker 
1  /3  full  of  water.  Place  the  beaker  on  the  hot  plate.  Set  the 
hot  plate  for  medium  heat  and  wait  for  the  water  to  boil. 


B.  While  waiting  for  the  water  to  boil,  get  the  coleus  plants.  Cut 
one  medium-size  well-colored  leaf  from  each  plant.  Notch 
the  leaf  that  has  been  in  the  light. 


C.  Sketch  each  leaf.  Outline  and  shade  the  nongreen  portions 
of  the  leaves  in  your  sketches.  Label  the  notched-leaf  sketch 
In  the  light.  Label  the  other  sketch  In  the  dark.  Then  label 
both  sketches  BEFORE.  Repeat  this  procedure.  This  time 
don’t  shade  portions  of  the  leaves.  Label  these  drawings 
AFTER. 
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D.  When  the  water  boils  turn  the  heat  to  low.  Use  the  tweezers 
to  submerge  both  leaves.  Keep  them  submerged  for  about  1 
minute.  This  will  kill  the  leaves  and  soften  them. 


E.  Use  beaker  tongs  to  remove  the  beaker  from  the  hot  plate. 
Put  the  beaker  on  a  heat-resistant  surface.  Fill  the  other  bea¬ 
ker  1  /3  full  of  alcohol  and  place  it  on  the  hot  plate. 


Be  very  careful  when 
removing  the  boiling 
water  from  the  hot  plate. 
And  be  very  careful 
when  placing  the  beaker 
of  alcohol  on  the  hot 
plate. 

DO  NOT  BREATHE 
THE  FUMES  FROM  THE 
ALCOHOL.  And  keep 
all  flames  away  from  the 
fumes. 
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F.  When  the  alcohol  boils,  turn  off  the  hot  plate.  Use  the 
tweezers  to  transfer  the  leaves  from  the  water  to  the  boiling 
alcohol. 


G.  Keep  the  leaves  in  the  alcohol  until  they  turn  pale,  about  2  to 
3  minutes.  Then  use  tweezers  to  transfer  the  leaves  back  to 
the  beaker  of  water.  Keep  the  leaves  in  the  water  for  about  1 
minute. 


H.  Use  the  tweezers  to  place  each  leaf  in  a  separate  petri  dish. 
Cover  the  leaves  with  about  15  ml  of  iodine  solution. 

Let  the  leaves  soak  for  3  to  4  minutes.  Then,  using  the 
tweezers,  rinse  each  leaf  in  a  jar  of  cool  water.  Place  both 
leaves  on  the  clean  petri  dish. 


IMPORTANT:  Iodine  will  stain  your  skin  and 
clothing.  Use  it  very  carefully. 
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Observe  the  results  of  your  treatment.  The  iodine  causes  any 
starch  in  the  leaf  to  turn  dark  blue  or  black.  In  the  AFTER 
sketches  that  you  drew,  shade  the  leaves  to  show  where  starch  is 
located. 

The  leaf  that  was  kept  in  the  light,  the  notched  leaf,  is  the  control 
leaf. 

I/"  8-4.  In  the  control  leaf,  where  is  chlorophyll  present?  How 
do  you  know? 

✓  8-5.  In  the  control  leaf,  where  is  chlorophyll  absent? 

The  leaf  that  was  kept  in  the  dark  is  the  experimental  leaf. 

✓  8-6.  How  does  the  experimental  leaf  show  that  light  is  nec¬ 
essary  for  photosynthesis? 

The  coleus  plant  that  was  in  the  dark  had  been  in  the  light  at  one 
time.  So  it  must  have  had  starch  stored  in  its  leaves  before  it  was 
put  in  the  dark.  Where  did  the  starch  go? 

✓  8-7.  How  do  plants  use  stored  starch? 


Plants  get  energy  when  they  use  the  food  they  make.  They  need 
the  energy  to  live  and  grow.  The  process  of  getting  energy  from 
food  is.  called  respiration.  It's  a  complicated  process.  The 
starch  in  the  leaf  or  stem  is  changed  to  glucose  and  combined 
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with  oxygen  from  the  air.  Carbon  dioxide  and  water  are  released 
to  the  air.  Useful  energy  is  provided  to  the  plant  for  growth. 


Photosynthesis  and 
respiration  are  going  on: 
Plants  are  manufacturing 
storing,  and  using  food. 


MMHTmr 


Respiration  is  going  on 
Plants  are  using  food. 


8-8.  Why  can’t  photosynthesis  go  on  in  the  dark? 

1^8-9.  In  your  investigation  you  studied  a  coleus  plant  that 
had  been  in  the  dark.  What  happened  to  the  starch  stored  in  the 
leaves  of  that  plant? 


PHOTOSYNTHESIS 


food  stored 
and  sent  to 
all  parts  of 
plant 


oxygen  out 


carbon  dioxide  in 


water 
water  ^  vapor 
used  out 


water  in 


RESPIRATION 


food  used 
by  all  parts 
of  plant 


carbon 

/*  dioxide  out 
•  water 
vapor  out 


energy  produced 
for  use  by 
plant 


8-10.  Explain  the  differences  between  photosynthesis 
and  respiration. 
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PHOTOSYNTHESIS 

40%-60%  of  the  world’s 
photosynthesis  is  carried  on 
by  microscopic  plants  that 
live  in  oceans.  The  rest  of 
the  world’s  photosynthesis  is 
produced  by  all  the  other 
types  of  land  and  water 
plants.  It  is  estimated  that 
the  world’s  plants  produce 
about  10-100  billion  tons  of 
oxygen  every  year.  Animals 
need  oxygen  to  live. 


We  can’t  digest  part  of  some 
plants,  such  as  grass.  But 
many  animals  can.  We  eat 
the  meat  of  some  of  these 
animals.  We  also  get 
products  like  milk  and 
cheese  from  some  of  these 
animals. 


^  8-11.  Suppose  someone  said,  “Humans  can’t  survive 
without  photosynthesis.”  Would  you  agree  or  disagree? 
Why? 


Plant  Growth  Experiments 


All  green  plants  must  have  light  to  live.  Without  light,  they  cannot 
make  food  and  they  die.  It  seems  that  plants  can  “sense”  where 
light  is.  They  tend  to  grow  toward  light. 

Growing  toward  light  is  called  phototropism  [foe-ta-TRO-piz- 
em].  Photo  refers  to  light;  tropism  to  turning.  One  of  the  first 
people  to  investigate  phototropism  was  Charles  Darwin  in  the  late 
1800’s.  You’ve  probably  heard  of  Charles  Darwin  before.  He  is 
well-known  for  ideas  about  how  life  changed  through  time. 
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tray  of  seedlings 
covered  by  box 


Darwin  observed  that  the  tiny  shoots  sprouting  from  grass  seeds 
would  bend  toward  light.  He  did  experiments  to  try  to  explain 
how  this  bending  happened.  During  the  next  fifty  years,  scien¬ 
tists  in  many  countries  continued  the  work  Darwin  started. 
Finally,  an  explanation  of  the  bending  process  was  worked  out. 


In  this  activity  you’ll  follow  several  early  experiments  that  were 
done  to  explain  phototropism.  The  experiments  are  illustrated, 
the  observations  listed,  and  the  conclusions  discussed. 


EXPERIMENT  1  CUTTING  OFF  THE  TIPS 


normal  shoots  shoots  with 

with  tips  tips  removed 


normal  shoots  shoots  with 

with  tips  tips  removed 


OBSERVATIONS:  The  normal  shoots  bend  toward  the  light. 
The  shoots  with  tips  removed  do  not  bend  toward  the  light. 


EXPERIMENT  2  COVERING  THE  TIPS 


normal  shoots  shoots  with 

with  tips  tips  covered 


normal  shoots  shoots  with 

with  tips  tips  covered 


OBSERVATIONS:  The  normal  shoots  bend  toward  the  light. 
The  shoots  with  the  covered  tips  do  not  bend  toward  the  light. 
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Now  let’s  consider  and  analyze  possible  conclusions  for  both  Ex¬ 
periments  1  and  2. 

CONCLUSION  1:  Cutting  off  the  tips  injured  the  shoots  so  that 
they  couldn’t  bend. 

ANALYSIS:  This  conclusion  is  not  supported  by  the  observa¬ 
tions.  The  shoots  with  covered  tips  were  not  injured  and  they  did 
not  bend  toward  the  light. 

CONCLUSION  2:  The  tip  is  sensitive  to  light.  The  tip  somehow 
causes  the  bending. 

ANALYSIS:  This  conclusion  is  supported  by  the  observations. 
When  light  couldn’t  get  to  the  tip,  the  shoots  did  not  bend. 


EXPERIMENT  3  USING  AN  AGAR  BLOCK 


IN  THE  BEGINNING 

k . j 

Shoot  tip  removed  and 
placed  on  agar  [AH-ger] 
block— a  gelatinlike 
substance 


Shoot  tip  removed 
and  discarded 


Tip  on  agar  block 
placed  on  shoot 


Just  an  agar  block 
placed  on  shoot 


OBSERVATIONS:  The  shoot  with  the  tip  and  agar  block  bends 
toward  the  light.  The  shoot  with  just  the  agar  block  does  not 
bend. 

CONCLUSION:  The  agar  block  caused  the  shoot  to  bend. 

1^9-1.  Look  at  the  conclusion  for  Experiment  3.  Is  it  sup¬ 
ported  by  the  observations  for  Experiment  3?  Explain  your 
answer. 
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EXPERIMENT  4  USING  AN  AGAR  BLOCK 


The  shoot  tip  is  cut  off  and 
placed  on  a  block  of  agar. 
The  tip  is  left  on  the  agar 
block  for  awhile. 


LATER 


The  tip  is  removed  from  the 
agar  block.  The  block  is 
placed  on  one  side  of  the  shoot. 


The  shoot  bends  in  a  direction 
opposite  to  the  side  on  which 
the  block  was  placed. 


OBSERVATION:  The  shoot  bends. 


CONCLUSION:  A  substance  from  the  shoot’s  tip  moved  into  the 
agar.  Then  the  substance  moved  into  the  shoot  and  caused  the 
shoot  to  bend. 

✓  9-2.  Is  the  conclusion  for  Experiment  4  supported  by  the 
observations  from  Experiments  3  and  4?  Explain  your  answer. 


Now  consider  another  conclusion: 


CONCLUSION:  Experiments  1  through  4  show  that  all  plants 
produce  a  substance  which  causes  the  bending  response  to  light 
(phototropism). 


ANALYSIS:  Whoa!  The  conclusion  is  true  only  for  these  grass 
shoots,  not  for  all  plants. 


EXPERIMENT  5 


into  different  sides  of  2 
shoots— tip  is  removed  from 
1  shoot. 


^  9-3.  Which  of  the  following  conclusions  are  not  sup¬ 
ported  by  the  results  of  Experiment  5? 

a.  The  thin  piece  of  glass  caused  the  shoot  to  bend  toward 
the  light. 

b.  The  thin  piece  of  glass  had  no  effect  on  the  bending  of 
the  shoots. 

c.  Something  produced  in  the  tip  caused  the  bending  toward 
the  light. 
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9-4.  Consider  the  results  of  Experiments  1  through  4.  Use 
these  results  and  your  observations  for  Experiment  5  to  explain 
what  happened  in  Experiment  5. 

Scientists  have  identified  the  substances  that  cause  phototro- 
pism.  What  these  substances  are  and  how  they  cause  bending 
is  discussed  in  Activity  14,  Plant  Hormones. 


What’s  Normal? 
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PLANT-HEIGHT  DATA 

APPROXIMATE  NUMBER  OF 
HEIGHT  PLANTS  AT 


On  cm)  THAT  HEIGHT 


Then  the  students  drew  a 
graph  of  the  data. 


HEIGHT  OF  COLEUS  SEEDLINGS 


Notice  the  curve  is  somewhat  bell-shaped.  That  is,  the  highest 
part  of  the  curve  is  the  middle  part;  the  lowest  parts  are  at  each 
end.  The  shape  of  a  curve  depends  on  the  distribution  of  the 
data.  Jack,  Anita,  and  Tony  have  data  that  are  in  a  normal  (bell¬ 
shaped)  distribution.  The  graph  of  the  data  is  called  a  normal 
distribution  curve  or  a  normal  curve. 


Most  of  the  plants  seem  to  be 
the  same  heiqht,  about  3  cent! metres) 
But  there  are  a  few  plants  taller  than 
.that  and  a  few  shorter. 


I  wonder  if  there  are  other  plant 
features  that  vary  like  heiqht  does :  if 
other  measurements  have  a  normal 
^distribution.^ 


m  'im 


Lets  find  out 
f  the  lenqths  oL 
the  leaves  are  in 
a  normal 
.distribution. 


,  u  :  ‘  I  ■>  I  1  1  ;  t  i  )  •  -  t  ■  :  > 
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LEAF -LENGTH  DATA 

APPROXIMATE  NUMBER  OF 
LENGTH  OF  LEAVES  AT 
LEAF  (A  cm)  THAT  LENGTH 


o.i 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 


1 

5 

6 
11 
16 
20 
18 
11 
6 
3 

1  & 


1^1  0-1 .  Make  a  graph  of  the  leaf-length  data.  Label  the  verti¬ 
cal  axis  Number  of  Leaves  and  the  horizontal  axis  Length  of 
Leaves.  If  you  have  trouble  drawing  the  graph,  do  Resource 
Unit  4. 

i^i  0-2.  Are  the  leaf-length  data  in  a  normal  distribution?  How 
can  you  tell? 

^  10-3.  Suppose  the  students  investigated  the  following 
features  of  the  coleus  seedlings.  Which  features  do  you 
think  would  be  in  a  normal  distribution? 

a.  seedling  weight 

b.  root  length 

c.  number  of  roots 

As  plants  grow,  some  develop  faster  or  slower  than  others.  The 
weight,  root  length,  number  of  leaves,  height,  and  leaf  size  vary 
from  plant  to  plant.  All  measurements  related  to  growth  are  in  a 
normal  distribution. 

This  may  be  the  first  time  you’ve  met  normal  distribution.  If  so, 
don’t  worry  if  the  meaning  isn’t  completely  clear.  You’ll  study 
normal  distribution  again  in  other  minicourses.  However,  if 
you’ve  seen  it  before  and  are  feeling  uneasy,  you  may  want  to  do 
Resource  Unit  19.  It  describes  normal  distribution  in  more  detail. 
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Greening  a  Room 


Now  you  know  how  to  identify,  propagate,  and  take  care  of  in¬ 
door  plants.  Here  you’ll  use  the  knowledge  to  “green  a  room.” 


Choose  a  room  you’d  like  to  decorate.  Consider  these  ques¬ 
tions: 

How  do  you  want  the  room  to  look? 

What  are  the  best  growing  conditions  for  the  plants? 

Draw  a  floor  plan  of  the  room  you  chose.  (See  Figure  11-1.) 

Your  plan  should  have  the  following  information: 

a.  the  approximate  dimensions  of  the  room;  the  dimensions  and 
locations  of  any  windows  and  doors 

b.  the  location  of  any  heating  units  such  as  radiators  or  base¬ 
board  units;  the  location  of  large  pieces  of  furniture 

c.  the  direction  that  each  window  faces  (north,  northeast  .  .  .) 

d.  places  where  the  temperature  is  high  or  low;  and  if  it’s  obvi¬ 
ous,  places  where  humidity  is  high  or  low 

e.  the  type  of  lighting;  the  color  of  the  walls,  floor  (or  rugs),  furni¬ 
ture,  and  curtains 

for  direct  light, 
for  indirect  light, 
for  dim  light. 
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Now  choose  six  or  more  kinds  of  plants  to  put  in  the  room. 
Choose  plants  that  have  different  shapes  and  colors;  variety  will 
add  beauty  and  interest  to  the  room.  Choose  plants  that  can 
grow  well  in  the  room.  Match  the  temperature,  light,  and  humid¬ 
ity  reguirements  of  the  plants  with  the  conditions  of  the  room. 

Find  suitable  places  for  the  plants  that  you  choose.  Locate 
each  plant  in  your  floor  plan.  You  may  want  to  sketch  the  plants 
right  on  the  floor  plan.  If  so,  label  each  plant.  Or  you  may  want 
to  prepare  a  “key”  using  a  symbol  for  each  plant.  Then  you’d 

draw  the  symbol  right  on  the  floor  plan. 

Describe  the  plants  that  you  selected.  For  each  plant  include: 

a.  the  common  or  scientific  name  of  the  plant. 

b.  the  approximate  size  (length  and  width)  and  color  of  the 
leaves;  the  approximate  size  (diameter)  of  the  flower. 

c.  light,  water,  humidity,  and  temperature  requirements. 

Give  your  floor  plan  and  plant  descriptions  to  your  teacher  to 
check. 
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>  Activity  13  Page  50 

Objective  14:  Describe  the  light  and 

>  dark  reactions  of  photosynthesis. 

>  Sample  Question:  Which  statements 
are  true  about  the  light  reactions  of 
photosynthesis?  The  light  reactions 

|  a.  take  place  In  the  chloroplasts. 
b  b.  produce  glucose  from  C02  and 
H20. 

w  c.  produce  oxygen  from  H20. 

>  d.  use  chlorophyll  to  absorb  light  en¬ 

ergy. 


Objective  15:  Identify  the  roles  of 
ib>  chlorophyll,  C02,  H20,  ATP,  and 
M.  NADP  in  photosynthesis. 

Sample  Question:  Match  each  plant 
substance  with  its  role  in  photosyn- 
I  thesis. 

•  SUBSTANCE 

a.  C02 
P  b.  H20 
b  c.  NADP 


ROLE 

1 .  Loses  oxygen. 

2.  Carries  hydrogen. 

3.  Combines  with  hy¬ 
drogen  to  make 
glucose. 

4.  Absorbs  light  en¬ 
ergy. 

e.  Chlorophyll  5.  Stores  energy. 


-m 


|  „ 

*  ^ 

At,  a 
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4  Activity  12  Planning 

If  you  need  to  do  Activity  14,  do  it 
5^  first.  Then  do  the  other  activities  in 
}  any  order.  A 

cs 
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Activity  14  Page  55 

Objective  16:  Explain  how  auxins 
cause  phototropism  and  geotro- 
pism. 

Sample  Question:  How  does  the  hor¬ 
mone  auxin  cause  a  plant  to  bend 
toward  light? 

a.  by  causing  more  plant  cells  to 
form  on  the  side  away  from  the 
light 

b.  by  causing  plant  cells  to  become 
longer  on  the  side  away  from  the 
light 

c.  by  causing  plant  cells  to  shorten 
on  the  side  nearest  the  light 


Cohesion 


Root  pressure 


Transpiration 


Objective  19:  Explain  how  water  is 
moved  from  a  plant’s  roots  to  its 
leaves. 

Sample  Question:  Which  process  pro¬ 
vides  the  “pull”  for  moving  the  water 
in  the  xylem  of  plants? 

a.  adhesion 

b.  cohesion 

c.  root  pressure 

d.  transpiration 


Objective  17:  Describe  how  auxins 
can  affect  plant  growth. 

Sample  Question:  How  do  auxins  that 
are  produced  in  the  growing  tips  and 
leaves  of  a  plant  affect  a  plant? 

a.  by  causing  roots  to  grow 

b.  by  causing  the  stem  to  bend  to¬ 
ward  gravity 

c.  by  limiting  branching  and  bushi¬ 
ness 


Answers 

14.  a,c,d  15.  a-3,  b-1 ,  c-2,  d-5,  e-4 
16.  b  17.  a,  c  18.  a-3,  b-4,  c-1,  d-2 
19.  d 
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Inside  the  Photosynthesis 
Factory 


The  main  “chemical  factories”  of  a  plant  are  the  leaves.  It  is 
mostly  in  the  leaves  that  the  photosynthesis  process  takes  place. 
During  this  process  the  light  energy  of  the  sun  is  used  to  produce 
food  molecules. 

In  this  activity  you’re  going  to  learn  what  happens  inside  a  leaf 
cell  during  photosynthesis.  First  you’ll  need  to  understand  the 
structure  of  a  leaf.  Get  the  following  materials: 

microscope 

prepared  slide  of  leaf  cross  section 

If  you  are  not  sure  about  how  to  use  a  microscope,  do  Resource 
Unit  3  before  continuing  with  this  activity. 

A.  Look  at  the  leaf  cross-section  under  low  power  and  then 
under  high  power.  In  your  notebook  sketch  what  you  see 
under  high  power. 

B.  Your  sketch  should  be  similar  to  the  leaf  cross-section  in  Fig¬ 
ure  13-1.  Certain  parts  of  the  leaf  are  labeled  in  Figure 
13-1.  Find  these  parts  in  your  sketch  and  label  them. 


upper  epiderrr 

palisade  cell  with 
chloroplasts 

spongy  layer 

air  space 


lower 

epidermis 


guard  cell 

stoma 

Figure  13 
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Shown  in  Figure  13-2  is  part  of  a  palisade  cell  under  greater 
magnification  than  you  can  get  with  your  microscope.  Within  a 
palisade  cell  there  can  be  seen  separate  structures  called  chloro- 
plasts.  The  chloroplasts  contain  all  the  chlorophyll  of  the  leaf. 
In  most  plants  all  the  reactions  of  photosynthesis  occur  in  the 
chloroplasts. 


grana 


cut-away 
section  of 
chloroplast 


Figure  13-2 


Chloroplasts  contain  structures  made  of  stacked  hollow  discs. 
These  structures  are  called  grana.  (One  such  structure  is  called 
a  granum.)  The  grana  are  involved  in  the  reaction  with  light.  An 
electron  microscope  provides  greater  detail  of  the  grana,  as 
shown  in  Figure  13-3.  _ 
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\S  13-1.  What  substance  is  found  in  the  grana? 


disc 

membrane 


Figure  13-4 


Scientists  think  the  membrane  (wall)  of  each  hollow  disc  is  made 
of  granular  units.  (See  Figure  13-4.)  Each  of  these  units  may 
contain  about  300  chlorophyll  molecules. 


Figure  13-5  shows  a  stylized  view  of  the  molecules  in  one  gran¬ 
ular  unit.  The  chlorophyll  molecules,  along  with  a  few  other 
molecules,  absorb  the  light  energy.  Then  the  chlorophyll  passes 
on  the  energy  for  use  in  the  chemical  reactions  of  photosynthe¬ 
sis. 

\S  13-2.  Think  of  the  leaf  as  a  group  of  chemical  factories. 
Where  is  the  photosynthesis  factory  located? 

Photosynthesis  is  a  series  of  chemical  reactions  that  can  be  di¬ 
vided  into  two  sets:  light  reactions  and  dark  reactions.  The  light 
reactions  need  light  energy  in  order  to  happen;  the  dark  reactions 
do  not  need  light  energy  but  they’re  normally  coupled  to  the  light 
reactions.  Both  sets  of  reactions  occur  at  the  same  time.  In  Fig¬ 
ure  13-6,  the  dark  reactions  are  shaded;  the  chlorophyll  which 
has  absorbed  the  light  energy  is  labeled  high-energy  chlorophyll. 
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CH  Light  Reactions 
□  Dark  Reactions 


Figure  13-6 
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Follow  Figure  13-6  in  order  to  answer  these  questions: 


1^13-3.  What  happens  to  the  chlorophyll  when  it  absorbs  light 
energy? 

'Ar  13-4.  High-energy  chlorophyll  can  lose  its  energy. 
What  happens  to  this  energy? 

1/13-5.  What  happens  to  an  ADP  molecule  when  it  gets  en- 
ergy? 

1/1  3-6.  What  happens  to  the  hydrogen  atoms  that  come  from 
the  water  molecule? 

i/  13-7.  In  the  dark  reactions,  where  does  the  carbon  dioxide 
come  from? 

^  13-8.  What  happens  to  NADPH2  and  ATP  when  the  sim¬ 
ple  sugar  unit,  CH20,  is  made? 

i/i  3-9.  How  is  the  simple  sugar  unit  converted  into  glucose 
and  starch? 

\S  13-10.  Where  does  the  oxygen  come  from  that  is  given  off 
during  photosynthesis? 

1/13-11.  Where  does  the  oxygen  in  the  glucose  and  simple 
sugar  come  from? 


13-12.  Listed  below  are  results  from  the  light  reactions 
and  the  dark  reactions  of  photosynthesis.  Which  results  are 
from  the  light  reactions?  Which  are  from  the  dark  reac¬ 
tions? 

a.  Oxygen  (02)  is  released. 

b.  Simple  sugar  units  (CH20)  are  made  into  glucose  and 
starch. 

c.  Carbon  dioxide  (C02)  is  used  to  form  the  simple  sugar 
units  (CH20). 

d.  Water  (H20)  is  broken  down  to  oxygen  (02)  and  hydrogen 
<H). 
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Plant  Hormones 


Scientists  have  found  chemical  substances  in  plants  that  affect 
plant  functions.  These  substances  are  called  hormones.  The 
hormones  that  control  growth  are  called  auxins  [AWK-sins].  The 
auxin  indoleacetic  [IN-dole-a-seat-ik]  acid  seems  to  control  pho- 
totropism,  the  bending  or  growing  toward  a  source  of  light. 

In  the  following  investigation,  you’ll  learn  how  auxins  work. 
You’ll  need  about  45  minutes  for  this  investigation.  Get  these 
materials: 


2  potted  coleus  plants,  20-30  cm  tall,  with  straight  stems 
auxin  paste 
glass  stirring  rod 
masking  tape 

A.  Get  one  of  the  plants.  This  will  be  the  experimental  plant. 
Dip  the  glass  rod  into  the  auxin  paste.  Then  rub  some  paste 
on  one  side  of  the  stem,  about  1  to  2  cm  from  the  top.  Put  a 
small  piece  of  masking  tape  right  below  the  smear.  This  is  to 
mark  the  location  of  the  smear.  The  other  plant  is  the  control 
plant.  Do  nothing  to  it. 

B.  Place  both  the  experimental  and  control  plants  in  the  dark. 
Work  on  another  activity  for  the  rest  of  the  class  period.  At 
the  end  of  class,  take  out  the  plants  and  look  for  changes. 

I/"  14-1.  Describe  what  happened  to  the  plant  that  was  rubbed 
with  auxin  paste.  Compare  it  to  the  control  plant.  What  differ¬ 
ences  do  you  observe? 


So  there  are 
more  auxins 


PHOTOTROPISM 


Light  causes  auxins  on  this 
side  of  the  stem  to 
move  to  the 
opposite  side. 


on  this  side. 
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Auxins  are  produced  in  the  growing  tips  of  stems  and  roots,  and 
in  young  buds,  leaves,  and  flowers.  Scientists  believe  that  auxins 
can  affect  plant  growth  in  two  ways:  by  causing  an  increase  in 
the  number  of  plant  cells  or  a  change  in  the  length  of  a  cell.  The 
effect  auxins  have  depends  on  the  type  of  plant  cell  and  the 
amount  of  auxins  present. 

^  14-2.  How  do  auxins  produce  phototropism? 


Florists  and  gardeners  pinch  (squeeze)  off  the  growing  tips  of 
plants.  Do  you  know  why?  Find  out  by  doing  the  following  in¬ 
vestigation.  You’ll  need  these  materials: 


3  young  coleus  cuttings,  about  the  same  size,  from  Activity  2 

masking  tape  for  labeling 

grease  pencil 

auxin  paste 

glass  stirring  rod 


A.  Number  the  plants  1,  2,  and  3.  Do  nothing  to  Plant  1.  It  is 
the  control  plant.  Pinch  off  the  growing  tip  at  the  top  of  the 
stem  in  Plant  2.  Keep  pinching  off  any  new  growth  that  ap¬ 
pears  near  the  growing  tip. 
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B.  Pinch  off  the  growing  tip  at  the  top  of  the  stem  in  Plant  3. 
Keep  pinching  off  any  new  growth  near  the  growing  tip. 
Every  day  use  the  glass  rod  to  put  a  dab  of  auxin  paste  where 
the  tip  was.  Wash  the  rod  after  using  it. 


For  the  next  week  or  two,  continue  to  pinch  off  any  new  growth 
near  the  growing  tips  of  Plants  2  and  3;  continue  to  dab  auxin 
paste  on  Plant  3.  When  there  are  noticeable  differences  among 
Plants  1,  2,  and  3,  answer  Questions  14-3  and  14-4. 

i^i  4-3.  Describe  the  appearance  of  Plants  1,  2,  and  3. 

'A'  14-4.  Explain  how  auxins  influence  “bushiness”  in  a 
plant. 


Figure  14-1 


GRAVITY 


As  you  learned,  plants  respond  to  a  light  source.  Plants  also 
respond  to  gravity.  The  bending  or  turning  toward  gravity  is 
called  geotropism  [gee-AH-tro-piz-em],  If  the  plant  growth  is  to¬ 
ward  gravity,  the  growth  is  positively  geotropic.  If  the  growth  is 
away  from  gravity,  the  growth  is  negatively  geotropic. 

Suppose  you  put  a  young  plant  on  its  side  in  a  dark  place,  as  in 
Figure  14-1 .  The  force  of  gravity  could  cause  an  increase  in  the 
amount  of  auxins  in  the  lower  side  of  the  plant’s  leaves  or  stems. 

The  roots  and  leaves  are  In  a  few  days,  the  roots 

relatively  straight.  grow  downward;  the  leaves 

and  stems  grow  upward. 
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^  14-5.  Look  at  Figure  14-1  (page  57).  How  could  auxins 
cause  the  upward  growth  (negative  geotropism)  of  the  stems 
and  leaves? 

Suppose  the  auxins  in  a  plant’s  roots  respond  to  gravity  in  the 
same  way  as  auxins  in  the  stems  and  leaves.  Then  gravity 
should  cause  an  increase  in  the  amount  of  auxins  in  the  lower 
side  of  the  root.  Therefore,  the  root  should  grow  upward.  What 
actually  happens  is  shown  in  Figure  14-2. 


Auxins  are  produced 
in  the  root  tip  and 

diffuse  to  other  cells.  More  auxins  collect  on  the 


Bending  occurs. 


Figure  14-2 

Notice  that  the  root  grows  downward.  Recall  that  the  stem  and 
leaves  grew  upward  (Figure  14-1).  Why  the  roots  react  the  way 
they  do  is  not  yet  known.  One  theory  is  that  too  much  auxin  can 
inhibit  cell  growth  and  cell  elongation  in  roots.  But  is  this  theory 
sound?  Consider  these  experiments. 


EXPERIMENT  1 
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observation:  The  root 
without  a  root  tip  showed 
more  growth. 


EXPERIMENT  2 


observation:  The  root  with 
the  stem  tip  added  showed 
less  growth. 


14-6.  Describe  how  auxins  may  cause  the  geotropic  re¬ 
sponse  of  roots. 


Plant  Plumbing 


Begin  this  activity  on  any  day  but  a  Friday.  The  first  investigation 
must  be  started  one  day  and  finished  the  next. 

Grass,  trees,  and  most  other  plants  get  nearly  all  the  water  they 
need  through  their  roots.  How  does  the  water  get  to  the  top¬ 
most  leaves?  This  activity  will  help  you  to  answer  that  question. 
First  do  the  following  investigation.  You’ll  need  these  materials: 

large  jar,  about  1 -litre  capacity 
masking  tape  for  labeling 
food  coloring 

fresh  stalk  of  celery,  with  leaves,  or  a  leaf-bearing  stem  from  a 
healthy  coleus  plant 
sharp  knife 

magnifying  glass  or  hand  lens 

A.  Label  the  jar  and  fill  it  with  water.  Add  several  drops  of  food 
coloring.  Then  submerge  the  stalk  and  swish  it  around  to  stir 
the  water.  Cut  off  part  of  the  stalk  as  shown  in  the  drawing. 


Set  the  jar  where  it  will  be  undisturbed  and  go  on  to  a  different 
activity.  Come  back  to  this  investigation  during  your  next  sci¬ 
ence  class. 
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Cut  0.5  cm 
from  end. 


B.  When  color  shows  up  in  the  leaves,  cut  the  stalk  and  a  leaf  as 
shown  in  the  drawing.  Use  a  hand  lens  or  magnifying  glass 
to  examine  the  cut  ends  of  the  stalk  and  the  leaf. 


1^1  5-1 .  In  your  notebook,  describe  the  magnified  cut  ends  of 
the  stem  and  leaf.  Then  sketch  the  cut  ends.  Show  where  the 
color  appears. 

15-2.  What  evidence  is  there  that  the  colored  water  moved 
through  tubes  in  the  plant? 

You’ve  observed  water  carrying  tubes  that  exist  in  non-woody, 
herbaceous  [er-BAY-shus],  stems.  Woody-stemmed  plants,  such 
as  trees  and  bushes,  also  have  tubes  for  moving  water.  Magni¬ 
fied  cross-sections  of  a  woody  stem  and  an  herbaceous  stem  are 
shown  in  Figure  1 5-1 . 


WOODY  STEM 


vascular  bundles 
pith 
cortex 


expidermis 


cambium 


HERBACEOUS  STEM 


Figure  15-1 
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\S  15-3.  What  structures  do  the  woody  and  herbaceous  stems 
have  in  common? 

The  phloem  [FLOW-em]  carries  the  food  produced  in  the  leaves 
to  all  parts  of  the  plant.  The  xylem  [ZEYE-lem]  carries  water  and 
dissolved  minerals  from  the  roots  to  all  parts  of  the  plant.  The 
xylem  also  serves  to  strengthen  the  stem.  The  cambium  [KAM- 
be-um]  is  the  growing  area  of  the  plant:  New  cells  for  the  phloem 
and  xylem  are  produced  in  the  cambium. 

1/^  15-4.  The  arrangement  of  the  cambium,  xylem,  and  phloem 
differs  in  woody  and  herbaceous  plants.  Describe  the  differ¬ 
ences. 

It  was  the  xylem  tubes  that  carried  the  colored  water  through  the 
stalk  and  leaf.  But  how  did  the  liquid  move  upward  through  the 
xylem?  In  order  to  answer  this  question,  certain  properties  of 
water  must  be  studied.  You’ll  need  the  following  materials: 

microscope  slide 
soap 

medicine  dropper 

glass  capillary  tube,  about  10  cm  long 
small  jar 
food  coloring 
glass  stirring  rod 

A.  Scrub  the  microscope  slide  with  soapy  water;  rinse  and  dry  it 
completely.  Then  use  the  medicine  dropper  to  put  one  drop 
of  water  on  the  slide. 

\S  1 5-5.  Did  the  water  stay  in  a  drop  or  did  it  spread  out  on  the 
slide? 

B.  Fill  the  jar  with  water.  Add  food  coloring  and  stir.  Then  put 
the  capillary  tube  halfway  into  the  water  to  allow  water  to 
enter.  Take  the  tube  out  of  the  water. 

i/"i  5-6.  What  happened  to  the  water  in  the  tube  when  the 
tube  was  removed  from  the  jar? 

What  you  observed  in  Steps  A  and  B  are  the  results  of  forces 
called  cohesion  and  adhesion.  Cohesion  was  demonstrated  with 
the  water  droplet  and  the  microscope  slide.  The  like  molecules 
of  the  water  attracted  each  other;  the  water  droplet  retained  its 
shape. 
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Adhesion  was  demonstrated  with  the  water  and  the  capillary 
tube.  The  unlike  molecules  of  the  tube  and  the  water  attracted 
each  other;  the  water  stayed  in  the  tube. 

1^1  5-7.  Explain  the  difference  between  cohesion  and  adhe¬ 
sion. 


Figure  15-2  shows  water  molecules  within  the  xylem  tube. 


Figure  15-2 


'At  15-8.  Describe  the  roles  played  by  cohesion  and  adhe¬ 
sion  in  moving  water  through  plants. 

The  forces  of  cohesion  and  adhesion  alone  do  not  move  water  in 
plants.  But  these  forces  do  explain  how  the  water  stays  in  the 
xylem  tube. 

Two  other  factors,  root  pressure  and  transpiration,  affect  the 
movement  of  water  in  plants.  Root  pressure  is  the  result  of  the 
diffusion  of  water  from  the  soil  into  plant  roots.  A  magnified 
cross-section  of  a  root  is  shown  in  Figure  15-3. 


Figure  15-3 
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\S  15-9.  A  plant  takes  in  minerals  from  the  soil  through  root 
hairs.  Then  water  diffuses  into  the  root  hairs.  Why? 


3  Later,  water  rises  in  the 
glass  tube. 


Figure  15-4 

^  15-10.  Look  at  Figure  15-4. 
water  in  the  glass  tube? 


What  causes  the  rise  of 


If  you  can’t  answer  Question  15-9  do  Resource  Unit  12.  Don’t 
go  any  further  until  you  understand  diffusion. 

Once  water  molecules  are  in  the  root  hairs,  they  diffuse  into  the 
xylem.  The  continual  movement  of  water  into  the  root  xylem 
creates  root  pressure. 

A  ROOT-PRESSURE  DEMONSTRATION 

1  Start  with  a  healthy  plant. 


2  Cut  off  the  stem  above  the 
soil.  Fasten  a  glass  tube 
over  the  cut  stem. 


tube 


water 


Root  pressure  “pushes’’  water  up  into  the  plant.  At  the  same 
time,  a  process  called  transpiration  creates  a  “pull”  on  the  water 
already  in  the  xylem.  During  transpiration  water  diffuses  to  and 
evaporates  through  leaf  openings  called  stomata  [STOW-mata], 
(A  single  leaf  opening  is  called  a  stoma.)  Then  more  water  can 
diffuse  up  through  the  xylem  to  replace  the  evaporated  water. 

Different  plants  transpire  at  different  rates.  A  full-grown  apple 
tree  loses  about  1 5  litres  (1 6  quarts)  of  water  every  hour.  A  corn 
plant  loses  about  200  litres  (212  quarts)  of  water  in  one  growing 
season. 
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Figure  15-5  summarizes  how  water  moves  through  plants  by  co¬ 
hesion,  adhesion,  root  pressure,  and  transpiration. 


ADHESION  of  water  mole¬ 
cules  to  the  sides  of  the 
xylem  tube  supports  the 
water  column. 


COHESION  of  water  mole 
cules  lets  the  molecules 
be  “pulled”  upward. 


— 


TRANSPIRATION  of  water 
diffusing  and  evaporating 
through  leaf  openings 
provides  the  “pull.” 


ROOT  PRESSURE  caused  my  water  moving 
into  the  roots  “pushes"  thje  water  column 
upward. 

O 


Figure  15-5 


★  15-11.  Look  at  Figure  15-5. 
water  from  roots  to  leaves. 


Describe  how  plants  move 
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Certain  symptoms  indicate  when  a 
plant  is  rootbound.  In  this  activity 
you’ll  learn  to  identify  these  symp¬ 
toms.  You’ll  also  learn  how  to  repot, 
clean,  and  humidify  house  plants.  j 


Planning 


Activity 


For  Activity  19  you’ll  make  one  or 
more  plant  cuttings.  It  will  take  time 
for  the  cuttings  to  root.  So  if  you 
plan  to  do  Activity  19,  do  it  first. 


More  on  Propagation 


Activity 


There  are  many  methods  for  propa¬ 
gating  house  plants.  You  might  like 
to  try  one,  two,  or  all  three  methods 
presented  in  this  activity. 


Make  Your  Own  Potting  Soil 


Activity  17  Page 


Plant  Blunders 


excursion 


Potpourri 

Activity  18  Page  68 


Do  you  know  what  the  ingredients  are 
for  a  general  purpose  potting  soil? 
You’ll  find  out  in  this  activity  when 
you  make  your  own  potting  soil. 


Activity  20  Page  76 


This  activity  is  a  review  of  how  not  to 
take  care  of  house  plants.  You’ll  get 
a  chance  to  identify  poor  treatments 
and  to  prescribe  the  correct  treat¬ 
ments. 


Make  Y  our  Own  Potting  Soil 


A  good  potting  soil  must  meet  the  four  requirements  shown  in 
Figure  1 7-1 .  Having  a  good  soil  is  critical  to  the  health  of  house 
plants. 


Figure  17-1 

In  this  activity  you’ll  make  potting  soil.  These  are  the  materials 
you’ll  need: 

garden  soil  (loam),  1  litre 

organic  matter  (peat  moss  or  leaf  mold),  1  litre 

drainage  materials  (coarse  builder’s  sand  or  perlite),  1  litre 

superphosphate  (20%),  5  ml 

fertilizer  (5-10-5  or  12-6-6),  7-8  ml 

ground  limestone,  10  ml 

plastic  bucket 

mixing  stick  or  spoon 

measuring  container,  1 -litre 

measuring  spoon,  5-ml 
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If  all  the  potting  soil  ingredients  came  from  a  gardening  store, 
your  soil  is  already  sterile.  If  not,  you’ll  have  to  heat  the  soil  to 
kill  pests,  fungi,  and  weed  seeds.  Put  the  soil  in  a  heat-resistant 
covered  container.  Preheat  an  oven  to  82  °C  (180°F).  Then 
place  the  container  in  the  oven  for  30  minutes.  When  the  soil 
cools,  it  will  be  ready  to  use. 

Indoor  plants  might  grow  in  regular  outdoor-type  soil.  But 
they’ll  do  better  in  specially  mixed  potting  soil. 

17-1.  The  organic  matter  used  in  potting  soil  is  soft  and 
spongy.  What  will  this  do  for  the  soil?  (Hint:  Look  at  Figure 
17-1  again.) 

As  organic  matter  decays,  it  supplies  the  plant  with  nutrients. 
But  organic  matter  makes  the  soil  acidic.  Ground  limestone  re¬ 
duces  the  amount  of  acid. 

\S  17-2.  Why  is  drainage  material  added  to  the  potting  soil? 

17-3.  Plants  potted  in  a  good  soil  mixture  won’t  need  fertiliz¬ 
ing  for  three  to  six  months.  Why  not? 

17-4.  What  are  the  ingredients  of  a  good  potting  soil? 
What  is  the  function  of  each  ingredient? 

If  you  plan  to  do  Activities  18  or  19,  you’ll  use  the  soil  you  made 
here.  Find  a  place  to  store  the  soil  until  you  need  it. 
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Potpourri 


POTTING  CAUTIONS 


One  of  the  things  you’ll  learn  in  this  activity  is  how  to  replant  or 
repot  a  rooted  plant.  You  may  wonder  why  anyone  would  want 
to  yank  up  a  rooted  plant  just  to  put  it  in  another  pot.  Well,  one 
reason  is  to  give  the  plant  more  growing  room.  A  plant  and  its 
roots  can  quickly  outgrow  the  original  pot.  Or,  the  reason  may 
be  simply  to  put  the  plant  in  a  different  pot. 

In  any  case,  never  “yank”  the  plant  up.  That  would  mean  a 
quick  and  sure  death  for  the  plant.  Study  Figure  1 8-1 .  It  shows 
four  potting  cautions. 


Figure  18-1 
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Keep  the  potting  cautions  in  mind  as  you  repot  a  plant.  You’ll 
need  these  materials: 

piece  of  broken  pottery  or  small  stones 
flower  pot 

potting  soil  from  Activity  17  or  prepared  potting  soil 
rooted  coleus  plant  from  Activity  2  or  another  rooted  plant 
long-bladed  knife 
spoon  or  scoop 

A.  Set  up  the  pot  as  shown  in  the  drawing.  Then  loosen  the  soil 
around  the  plant  by  running  a  knife  around  the  inside  of  the 
pot. 


B.  Look  at  the  drawing  to  see  how  to  hold  the  plant.  Slide  the 
plant  out  of  the  pot  while  supporting  the  root  ball  with  a 
spoon.  Carefully  set  the  root  ball  in  the  new  pot  and  add 
potting  soil  to  the  pot. 
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Water  the  soil  until  the  water  runs  out  the  drainage  hole.  Keep 
the  plant  out  of  direct  sunlight  for  about  two  weeks.  Then  return 
the  plant  to  its  normal  lighting  and  watering. 

\S  1 8-1 .  In  Step  B  you  used  the  spoon  to  keep  the  old  ball  of 
soil  intact.  Why  do  you  think  this  is  important? 


It  is  common  practice  to  place  stones  or  pieces  of  broken  pottery 
in  the  bottom  of  a  pot.  This  helps  to  keep  the  soil  well  drained. 

18-2.  Why  should  you  avoid  using  a  pot  that  has  no  open¬ 
ing  for  drainage? 

^  18-3.  What  are  the  important  steps  to  follow  when  repot¬ 
ting  a  plant? 


Repotting  is  necessary  when  your  plant  is  rootbound  or  pot- 
bound.  How  do  you  know  when  a  plant  is  rootbound?  Here  are 
some  symptoms. 


ROOTBOUND  SYMPTOMS 


Lower  leaves  turn  yellow 
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If  you  still  can’t  tell  whether  a  plant  is  rootbound,  you’ll  have  to 
check  its  roots. 


CHECKING  ROOTS 


Use  a  knife  or  spatula 
[SPAT-u-la],  Run  it  along 
the  inside  of  the  pot  to 
loosen  the  root  ball. 

Turn  the  pot  upside  down 
keeping  the  plant’s  stem 
between  your  first  two 
fingers.  Gently  tap  the 
bottom  of  the  pot. 


=J 


HERE’S  WHAT 
YOU’LL  SEE 

If  the  roots  are 
too  crowded, 
repot  the  plant. 


If  the  roots  are 
not  crowded, 
put  the 
plant  back 
into  its  pot. 


If  the  plant  is  rootbound,  repot  it.  Follow  Steps  A  and  B  for  re¬ 
potting  a  plant.  When  the  plant  is  out  of  the  pot,  use  a  fork  to 
loosen  and  untwist  the  outer  roots.  Then  add  soil  to  the  bottom 
of  the  new  pot.  The  root  ball  must  be  at  the  same  distance  from 
the  top  of  the  pot  as  it  was  in  the  old  pot.  After  the  plant  is  in  the 
new  pot,  put  soil  over  any  roots  that  are  exposed  at  the  top. 


HUMIDITY 

Some  plants  require  more  humidity  (moisture  in  the  air)  than  is 
normally  available.  This  is  especially  true  for  plants  in  air-condi¬ 
tioned  or  heated  rooms.  Figure  18-2  (pages  71-72)  shows 
several  ways  in  which  the  humidity  for  plants  can  be  increased. 


INCREASING  HUMIDITY 


1  Mist  the  plants  once  a  day 
with  a  pump-type  sprayer. 


Figure  1 8-2 


2  Put  plants  on  a  tray  of  pebbles.  Add 
water  to  almost  cover  the  pebbles. 
The  pots  must  not  be  in  the  water. 


nnnn 


EXCURSION  71 


3  Put  a  number  of  plants  close  together. 


4  Put  the  plants  in  the  kitchen 
or  bathroom  near  the  sink. 


1  Spray  small  plants  in  the 
sink;  large  plants  in  the 
shower.  Use  warm  water 
Spray  both  sides  of  leaf. 


'At  18-4.  Look  at  Figure  18-2.  How  does  the  procedure  in 
Drawing  2  increase  the  humidity? 


CLEANING 


Most  plants  benefit  when  their  leaves  are  cleaned  every  two  or 
three  weeks.  Several  ways  to  clean  a  plant’s  leaves  are  shown  in 
Figure  18-3. 


2  Dip  a  soft  cloth  in  warm 
water  and  wash  the  leaves 
of  the  plant.  Support  the 
leaf  with  one  hand  while 
cleaning  with  the  other. 


3  Hold  small  fuzzy-leaved 
plants  upside  down  and 
swish  in  warm  soapy  (non¬ 
detergent)  water.  Swish  in 
warm  water  to  rinse. 


Figure  18-3 


\S  18-5.  Why  are  clean  leaves  good  for  a  plant? 

^  18-6.  How  would  you  clean  the  leaves  of  a  rubber  tree 
plant? 
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More  on  Propagation 


In  this  activity  you’ll  learn  three  ways  to  propagate  (reproduce) 
new  plants  from  old  by  taking  cuttings.  You  may  want  to  try  one 
or  more  of  these  methods.  For  each  cutting  you  make,  you’ll 
need  the  materials  listed  in  Activity  2.  If  you  try  a  vein  cutting, 
you’ll  need  5  hairpins  or  about  20  centimeters  of  fine  wire. 

LEAF  CUTTINGS 


This  method  of  propagation  can  be  used  for  small  indoor  house 
plants:  rex  begonia,  African  violet,  gloxinia,  and  peperomia. 

Do  Steps  A  and  B  from  Activity  2.  Then  do  the  following  steps, 
Steps  C  and  D. 

C.  Remove  a  healthy  leaf  by  making  a  diagonal  cut  near  the  bot¬ 
tom  of  the  stalk. 


D.  Dip  the  stalk  of  the  leaf  into  rooting  hormone  powder.  Tap  off 
the  excess  powder.  Place  the  stalk  into  the  rooting  medium 
in  the  pot.  Then  press  the  medium  around  the  stalk  so  that 
the  leaf  is  firmly  supported. 
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Do  Step  E  in  Activity  2,  then  do  Step  F  below. 

F.  Put  the  pot  in  a  brightly  lighted  place,  but  not  in  direct  sun¬ 
light.  Check  the  cutting  every  2  or  3  days.  When  new 
leaves  appear,  the  cutting  has  rooted.  (This  will  be  in  2  to  3 
weeks.)  Carefully  remove  the  plastic. 

LEAF  SECTION  CUTTINGS 


This  method  of  propagation  can  be  used  for  a  rex  begonia  or  a 
wax  begonia.  To  begin,  turn  to  Activity  2  and  do  Steps  A  and 
B.  In  Step  B,  dig  3  or  4  different  holes  rather  than  1  hole.  Then 
do  the  following  steps,  G  and  H. 


G.  Remove  a  healthy  leaf  by  making  a  diagonal  cut  near  the  bot¬ 
tom  of  the  stalk.  Cut  the  leaf  into  long  sections.  Make  sure 
the  base  of  each  section  has  a  large  vein  and  part  of  the  stem. 


vein 


stem  part 


Dip  the  stem  part  of  each  leaf  section  into  rooting  hormone 
powder.  Tap  off  the  excess  powder.  Insert  the  leaf  section 
into  the  rooting  medium,  stem-end  down.  Then  press  the 
medium  around  the  leaf  section  so  that  the  leaf  is  firmly  sup¬ 
ported. 


Do  Step  E  in  Activity  2,  then  do  Step  F  in  this  activity. 


rooting  medium 


rooting  hormone  ^ 
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VEIN  CUTTINGS 


This  method  of  propagation  does  not  always  work.  But  it  is  most 
successful  with  an  African  violet  or  a  rex  begonia.  Besides  the 
materials  listed  in  Activity  2,  you’ll  need  the  following: 

4  or  5  hairpins  or  about  20  cm  very  fine  wire 

First,  turn  to  Activity  2  and  do  Steps  A  and  B.  In  Step  B  dig  the 
hole  near  the  side  of  the  pot.  Then  do  the  following  steps,  /  and  J. 


I.  Remove  a  healthy  leaf  by  making  a  diagonal  cut  near  the  bot¬ 
tom  of  the  stalk.  Turn  the  leaf  to  the  side  that  has  clearly 
visible  veins.  Make  5  or  6  small  cuts  as  in  the  drawing. 

J.  Place  the  leaf,  vein-side  up,  in  the  pot.  Push  the  leaf’s  stem 
into  the  rooting  medium.  Then  use  hairpins  to  hold  down  the 
leaf’s  edges. 


Now  do  Step  E  in  Activity  2.  Put  the  pot  in  a  brightly  lighted 
place,  but  not  in  direct  sunlight.  When  small  plants  appear  in  the 
cuts  on  the  veins,  the  cuttings  have  rooted.  The  small  plants 
should  be  transplanted  when  they  are  from  5  to  8  cm  tall. 

'At  19-1.  Describe  how  to  propagate  a  plant  by: 

a.  leaf  cuttings. 

b.  leaf  section  cuttings. 

c.  vein  cuttings. 


EXCURSION  75 


Plant  Blunders 


^  20-1.  Each  of  the  following  illustrations  shows  a  mis¬ 
take.  Briefly  describe  the  mistake  and  tell  how  to  correct  or 
prevent  it.  If  you  have  trouble,  refer  to  the  activity  listed. 
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